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Efforts continue to find alternative next generation refrigerants with low environmental impact. While Global 
Warming Potential (GWP) is an easy indicator to screen for refrigerants with low direct CO2 emissions, there are other
important aspects to consider such as safety, performance, compatibility, stability, etc. Among the different sectors
within the HVAC&R industry, the refrigeration sector is experiencing earlier transition compared to some of the other
applications due to relatively high GWP of the incumbent refrigerants such as R-404A and R-134a. R-516A, which is
a mildly flammable (A2L) azeotropic refrigerant with GWP of 131 (AR5) and is a near drop-in of R-134a, was
evaluated in a commercially available beverage cooler. Performance of R-516A is compared to the R-134a baseline 
as well as other nonflammable and mildly flammable HFO solutions.
1. INTRODUCTION
The development of lower Global Warming Potential (GWP) fluorocarbon refrigerants has been motivated by
concerns related to climate change. The commercial refrigeration sector was amongst the first refrigeration
applications to be addressed under the F-gas Regulation due to the high GWP of incumbent refrigerants such as R-
404A and R-507A, with GWP of 3,843 and 3,985 (AR5), respectively (Myhre et al., 2013). Introduction of
nonflammable lower GWP retrofit refrigerants in these segments have a significant reduction in carbon footprint.
Large commercial refrigeration systems can contain up to 4,000 pounds of refrigerant and have very high leak rates
according to the US EPA. In an effort to further minimize environmental impact, the refrigeration industry will have
to transition to environmentally sustainable working fluids which have negligible direct environmental impact.
However, as some systems can have a lifetime of up to 20 years, the heat transfer efficiency of the refrigerant, which
leads to lower energy consumption and indirect emission, becomes a critical factor that is sometimes overlooked when
only comparing the GWP values of refrigerants.
R-516A, an azeotropic refrigerant blend with very low GWP of 131 (AR5), was previously evaluated for heat transfer
and performance testing in chillers, which showed promising results as a design-compatible R-134a replacement
(Abbas et al., 2016), (Schultz and Perez-Blanco, 2018). In this work, R-516A has been tested in a commercially
available beverage cooler. The results of the drop-in testing of R-516A will be discussed and compared to R-134a, as
well as other lower GWP refrigerants, R-513A and R-1234yf, which are known to have similar properties to R-134a.
2. INSTRUMENTATION AND TEST CONDITIONS
2.1 Test Unit
A commercially available R-134a top mount reach-in beverage cooler with 1.8 m3 internal volume was placed in a 
temperature controlled environmental chamber to evaluate the refrigerants. Refrigerants were tested in a drop-in matter
without any changes to the system. Four T- type thermocouples and three pressure transducers were added to the
system in addition to two thermocouples to monitor the inside and outside of the cabinet, Fig. 1. Also, compressor
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power, fan power and total power usage were measured. The unit had PID controllers, which would turn the 
compressor and fan on and off when the internal cooler temperature reached a set temperature of 4.4°C and 2.2°C,
respectively.
Figure 1: Instrumentation and system diagram of the test unit
2.2 Test Procedures
The defrost function of the unit was disabled to compare the energy consumption purely from the refrigeration cycle. 
The cooler had a liquid receiver, which minimizes the effect of charge size on system performance. Tests were
conducted based on the factory charge amount of R-134a. During an effort to optimize the charge amount between
different refrigerants, refrigerant charge less than the factory charge was found to be enough to provide sufficient
subcooling. Therefore, the results in this study were obtained using a fixed refrigerant charge size for all test
refrigerants.
Tests were run using a superheat level within a range recommended by the manufacturer. The system TXV was
adjusted accordingly, for each refrigerant, so that all refrigerant test data were collected at a similar superheat range.
To simulate both moderate and high ambient conditions, two sets of tests were carried out; 23.9°C and 32.2°C. At the 
beginning of each test, water bottles that were acclimated to ambient room temperature (~20°C) were loaded into the
cooler to fill approximately 75% of the internal volume. Data was collected for at least 24 hours, and a set duration of
steady-state data was used for data analysis. A 72 hour test showed that once steady state was reached, longer tests
did not lead to different results. Therefore, 24 hours of runtime was deemed sufficient to compare drop-in efficiency 
of the refrigerants.
3. TEST REFRIGERANT PROPERTIES
In this work, refrigerants that are considered design compatible replacement solutions for R-134a were tested. R-134a 
is a fully saturated hydrofluorocarbon refrigerant while the other three refrigerants are hydrofluoro-olefin (HFO) or
HFO based blends. The presence of an unsaturated carbon-carbon double bond in HFOs lead to their lower GWP 
values and short atmospheric life times. 
Properties of the test refrigerants are shown in Table 1. All thermophysical properties of the refrigerants were 
calculated using REFPROP version 10 (Lemmon et al., 2018).
18th International Refrigeration and Air Conditioning Conference at Purdue, July 13-16, 2020
 
   
 
          
        
 
     
   
 
    
      
  
 
    
      
     
  
 
    
  
  
    
  
  




       
 
              
            
            
              
             





       
          
             
          
           














.. __ R-134a 




-60 -40 -20 20 40 
Temperature (°C) 
60 BO 100 
2428, Page 3
Table 1: Properties of R-134a, R-516A, R-513A, and R-1234yf
Refrigerant R-134a R-516A R-513A R-1234yf
ASHRAE 34 Safety
Classification
A1 A2L A1 A2L
GWP (AR5) 1300 131 573 <1
Molecular Mass
(g/mol)
102.0 102.6 108.4 114.0
Boiling Point (°C) -26.3 -29.6 -29.6 -29.5
Glide (K) 0 0 0 0
Vapor Pressure (kPa)
at 25°C
665.4 692.5 713.5 682.6
Liquid Density
(kg/m3) at 25ºC
1207 1069 1134 1092
Vapor Density
(kg/m3) at 25ºC
32.4 34.5 37.6 37.9
Figure 2: Vapor pressure of test refrigerants and R-1234ze(E)
The four test refrigerants have very similar thermodynamic properties as shown in Table 1 and Figure 2 and they are 
considered close enough to keep the same system design. However, R-516A and R-1234yf are mildly flammable
(A2L) refrigerants, so they should not be used in R-134a equipment unless approved by the original equipment
manufacturer. Vapor pressure of R-1234ze(E) is also shown in comparison to the test refrigerants with 25% lower
pressure than R-134a in average, Fig. 2. As R-1234ze(E) is not considered design compatible with R-134a systems, it
was not tested due to the significant required system modifications.
4. RESULTS AND DISCUSSION
4.1 Theoretical Performance
Thermodynamic cycle performances of the refrigerants were evaluated at the following operating conditions: -3.9°C
evaporator temperature, 40.5°C condenser temperature, 5.5K subcooling and superheat, and 70% compressor
isentropic efficiency, Table 2. The results were calculated using REFPROP version 10 (Lemmon et al., 2018) with the
assumption that there were no pressure drops throughout the system. R-1234yf showed approximately 5% lower COP
and capacity while R-516A and R-513A had comparable performances to R-134a. All lower GWP refrigerants were 
both lower in discharge temperatures and compression ratios than those of R-134a.
18th International Refrigeration and Air Conditioning Conference at Purdue, July 13-16, 2020
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Table 2: Thermodynamic cycle performance of test refrigerants 
Refrigerant 
COP relative to 
R-134a 






R-134a 100% 100% 62.9 4.1 
R-516A 97.4% 99.4% 56.2 3.8 
R-513A 97.0% 102% 56.2 3.8 
R-1234yf 95.3% 94.7% 51.7 3.7 
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Figure 3: (left) COP and CAP of lower GWP refrigerants relative to R-134a. (right) Discharge temperature and
compression ratio of test refrigerants.
4.2 Experimental Results
The lower GWP refrigerants showed comparable compressor power consumption that were within 3% of R-134a at 
23.9°C while R-513A exhibited highest compressor power consumption, Fig. 4. Among the test refrigerants, R-516A 
showed the shortest compressor operation time followed by R-134a, R-513A, and R-1234yf. The compressor
operation time takes into consideration of the cycle duration, which is indicative of the refrigerant capacity, as well as 
the frequency of each cycle. 
Due to similar power consumption values of the test refrigerants, the duration of compressor run time becomes the
determining factor when comparing the total energy consumption. R-516A was the most energy efficient refrigerant
while R-1234yf was the least efficient refrigerant, Fig. 5. As R-513A is a mixture containing 44% of R-134a and 56% 
of R-1234yf, the overall trend is in-line with the pure refrigerants.
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Figure 5: Energy consumption relative to R-134a at 23.9 °C
Figure 6: Compressor total run time and power consumption at 32.2 °C
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Figure 7: Energy consumption relative to R-134a at 32.2 °C 
The refrigerant trends were also consistent at 32.2 °C with R-516A showing more comparable compressor operation 
time and thus energy efficiency to R-134a, Fig. 6. Again, R-516A consumed the least amount of energy followed by 
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Figure 8: Comparison of refrigerant compression ratios 
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Figure 9: Comparison of refrigerant discharge temperatures
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R-134a had the highest compression ratio, which is in good agreement with the thermodynamic cycle calculations,
Fig. 8. Lower GWP refrigerants showed similar compression ratio values while R-513A had the highest ratio amongst
the HFO based refrigerants. Discharge temperatures of the HFO refrigerants were comparable or lower than those of
R-134a, however the differences were not as large as simulated results, Fig. 3 and Fig. 9. Theoretical cycle analyses
did not include heat transfer effects or pressure drop, which may contribute to the differences in theory and
experimental results found in this study.
5. CONCLUSIONS
Three lower GWP refrigerants were evaluated in a R-134a beverage cooler. R-516A showed the lowest energy
consumption at both test temperatures followed in the order of R-134a, R-513A, and R-1234yf. R-516A’s superior
efficiency will contribute to significant energy savings over the lifetime of the equipment, while providing 90%
reduction in GWP compared to R-134a. Efficiency, or indirect emissions, is a particularly important parameter as self-
contained commercial refrigeration applications typically have long lifetimes, low leak rates, and minimal need for
maintenance. Further steps to identify the system’s critical charge point could help further reduce refrigerant charge
amount, which could be beneficial as there may be restrictions, or additional safety features, required for mildly
flammable refrigerant charge sizes that exceed 1.2 kg per IEC 60335-2-89.
NOMENCLATURE
COP coefficient of performance
CAP volumetric cooling capacity (kJ/m3)




TXV thermostatic expansion valve
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DISCLAIMER
The statements, technical information and recommendations contained herein are believed to be accurate as of the
date hereof. Since the conditions and methods of use of the information referred to herein are beyond our control,
Arkema expressly disclaims any and all liability as to any results obtained or arising from any reliance on such
information; NO WARRANTY OF FITNESS FOR ANY PARTICULAR PURPOSE, WARRANTY OF 
MERCHANTABILITY, OR ANY OTHER WARRANTY, EXPRESS OR IMPLIED, IS MADE CONCERNING 
THE INFORMATION PROVIDED HEREIN. The user should thoroughly test any application before 
commercialization. Nothing contained herein constitutes a license to practice under any patent and it should not be
construed as an inducement to infringe any patent, and the user is advised to take appropriate steps to be sure that any
proposed action will not result in patent infringement.
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